A Gram-stain-positive, motile and rod-shaped bacterium, designated strain LZ2
During an investigation on urease-producing bacteria, a novel bacterial strain, designated LZ2
T , was isolated from a sample of soil from an orchard (37 15¢ 28¢ N, 119 47¢ 44¢ E) in Laizhou city, Shandong province, PR China. Soil samples were serially diluted and plated on modified urea agar (l
À1
: 5 g NaCl, 2 g KH 2 PO 4 , 1 g glucose, 0.012 g phenol red, 0.2 g peptone, 20 g urea, 15 g agar) at 30 C and pH 6.8 for 2 days. Purified colonies of strain LZ2
T were obtained by repeated transfer of separated colonies onto new urea agar plates. Strain LZ2
T was maintained at À80 C in NH 4 and Sporosarcina soli I80 T , grown under identical conditions, were used as the reference strains for fatty acid analysis and other phenotypic tests.
Cell and colony morphology were studied using transmission electron microscopy (JEM-2100; JEOL) of cells grown for 2 days at 30 C on NH 4 -YE agar and negatively stained with 1 % (v/v) phosphotungstic acid (pH 7.0). Salt tolerance was tested in NH 4 -YE medium with the addition of 0-8 % (w/v) NaCl at 0.5 % increments. The temperature range over which growth occurred was tested at 5, 10, 15, 20, 25, 30, 37, 40, 42, 45 and 50 C on NH 4 -YE medium. The pH range for growth was tested at pH 4.5-11.0 (at intervals of 0.5 pH unit) by using buffer systems according to Zhang et al. [11] in NH 4 -YE medium at 30 C. Growth on MacConkey agar was performed at 30 C for 1 week. Growth under anaerobic conditions was determined by incubation in an anaerobic incubator (Binder) for 2 weeks. The Gram reaction, motility, oxidase activity, catalase activity and spore morphology were tested as described by Dong and Cai [12] . Additional biochemical features were determined with the use of API 20E, API 20NE, API 50CH and API ZYM systems (bioM erieux), according to the manufacturer's instructions. Carbon source utilization was tested using Gen III MicroPlates (Biolog), according to the manufacturers' instructions. Results were recorded after 22 h at 33 C and all experiments were performed in triplicate.
Colonies of strain LZ2 T on NH 4 -YE agar at 30 C for 48 h were circular, cream and 1-2 mm in diameter. Cells of strain LZ2
T were Gram-stain-positive, rod-shaped (0.6-0.8 µm in width and 2.0-3.5 µm in length), motile by means of a monopolar flagellum (Fig. S1 , available in the online Supplementary Material) and aerobic. Oval spores were formed in a terminal position. Growth was observed at 10-44 C (optimum, 30-35 C) and at pH 5.0-11.0 (optimum, pH 9.0-10.0). Strains grew in the presence of 0-7 % (w/v) NaCl. Compared with the reference strains, S. pasteurii NCIMB 8841 T and S. soli I80 T , the novel strain was alkaliphilic. Strain LZ2
T could grow over a wider pH range, and produced acid from glycerol, D-mannitol and D-xylose, while reference strains did not. The novel strain was positive for the hydrolysis of aesculin, but negtive for nitrate reduction. The different physiological and biochemical characteristics of strain LZ2 T as compared with the reference strains are presented in Table 1 .
The 16S rRNA gene sequence was PCR-amplified using two universal bacterial primers, 27F and 1492R [13] . The 16S rRNA gene sequences of stain LZ2
T were compared with other sequences in the EzTaxon-e server (http://www.ezbiocloud.net) and the related sequences were downloaded [14] . Phylogenetic trees were reconstructed by using the neighbour-joining (NJ) [15] and minimum-evolution (ME) [16] methods in MEGA version 5.0 [17] , with bootstrap values based on 1000 replications [18] . The Jukes-Cantor model [19] was used for the calculation of phylogenetic distances. The length of the 16S rRNA sequence was 1405 bp after multiple alignments. High 16S rRNA gene sequence similarities were found between strain LZ2
T and S. pasteurii NCIMB 8841
T (98.8 %) and S. soli I80 T (95.9 %). In the NJ phylogenetic tree ( Fig. 1 ) and the ME tree ( Fig. S2 ), strain LZ2
T formed a separate clade within the cluster containing S. pasteurii NCIMB 8841
T and S. soli I80 T . Strain LZ2 T was . All data were obtained from this study unless indicated otherwise. All data were positive for the following: activities of catalase, oxidase and urease; acid production from D-arabinitol. All were negative for the following: indole production, H 2 S production, the Voges-Proskauer test, the assimilation of glucose, arabinose, mannose, mannitol, N-acetylglucosamine, maltose, gluconate and capric acid, acid production from L-arabinose, D-galactose, inositol, maltose, sucrose, the hydrolysis of b-galactosidase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, arginine dihydrolase. +, Positive; À, negative, NA, data not available.
Characteristic 1 2 3
NaCl (%) tolerance 7 10 5
Nitrate reduction À + + Assimilation of:
Acid production from: determined to belong to the genus Sporosarcina as shown by the bootstrap support in Fig. 1 .
The genomic DNA of strain LZ2 T was extracted using a commercial genomic DNA extraction kit (MOBIO). The G+C content of the genomic DNA was determined by the method of Mesbah et al. [20] . The G+C content of the genomic DNA of strain LZ2
T was 39.2 mol%, which falls within the range for members of the genus Sporosarcina (39-46.5 mol%) [10] .
DNA-DNA hybridization was performed using the optical renaturation method [21] [22] [23] . The most closely related strain, S. pasteurii NCIMB 8841
T was used as the reference strain. The DNA relatedness value between strain LZ2 T and S. pasteurii NCIMB 8841 T was 39.8±1.7 %.
For analysis of cellular fatty acid profiles, cells of strain LZ2 T and the reference strains were grown on NH 4 -YE agar plates at 30
C for 48 h. The analysis was carried out using GLC (Agilent Technologies 6850), according to the instructions of the Microbial Identification System (MIDI), Sherlock version 6.0B [24, 25] . Cellular fatty acids were identified using the TSBA6.0 database of the MIDI system [25] . For polar lipid analysis, cells of strain LZ2 T grown in NH 4 -YE medium at 30 C for 48 h were collected and lyophilized.
Polar lipids were extracted using a chloroform/methanol system and analysed using two-dimensional TLC, as described previously [26] . Merck silica gel60 F254 aluminium-backed thin-layer plates were used in TLC analysis. The plate dotted with sample was subjected to two-dimensional development, with the first solvent comprising chloroform/methanol/water (65 : 25 : 4, by vol.) followed by a second solvent of chloroform/methanol/acetic acid/water (85 : 12 : 15 : 4, by vol.), and identified by spraying with H 2 SO 4 /ethyl alcohol (1 : 2, v/v). Isoprenoid quinones were extracted with a mixture of chloroform/methanol (2 : 1;
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Planococcus halocryophilus Or1 T (ANBV01000012) v/v). After filtration, followed by evaporation under reduced pressure at a low temperature (36 C), and dissolving in acetone, the menaquinone solution was identified by one dimensional TLC and analyzed by HPLC (Waters), according to the method described by Collins et al. [27] and Nakagawa and Yamasato [28] . The hydrolysate (4 M HCl, 100 C, 16 h) of the cell wall peptidoglycan of strain LZ2
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T was detected by AccQÁTag HPLC (Waters 2695) after precolumn derivatization with 6-aminoquinolinyl-N-hydroxysuccinimidyl-carbamate (AQC).
The results of the cellular fatty acid analysis of strain LZ2
T and the reference strains are provided in Table 2 . The predominant fatty acids of strain LZ2 T were anteiso-C 15 : 0 and iso-C 15 : 0 . The presence of anteiso-C 15 : 0 as the major fatty acid was consistent with a previous report of members of the genus Sporosarcina [3] . Differences between the fatty acid profiles of strain LZ2
T and the reference strains were found between the minor fatty acid constituents. The major polar lipids of strain LZ2
T were diphosphatidylglycerol (DPG), phosphatidylcholine (PC), phosphatidylethanolamine (PE), phosphatidylglycerol (PG) (Fig. S3 ). DPG and PG were also found in the type species of the genus Sporosarcina [5, 8] . The major menaquinone observed in strain LZ2
T was MK-7, which was consistent with that of other species of the genus Sporosarcina. Strain LZ2
T contained lysine as the diagnostic amino acid in the cell-wall peptidoglycan. [8] .
Based on the chemotaxonomic and physiological evidence presented here, strain LZ2
T represents a novel species of the genus Sporosarcina, for which the name Sporosarcina terrae sp. nov. is proposed. T . All data were obtained from this study. Data are expressed as percentages of total fatty acids. À, <0.5 % Of the total fatty acid; bold text, >10 % of the total fatty acid.
DESCRIPTION OF
Fatty acid 1 2 3
Saturated fatty acids 
